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What physics can we learn from Sp basis?

Sp (collective) basis configuration:

one equilibrium
deformation
(“shape”)

rotations

space orientation

Vibrations

(of the giant resonance
monopole (r?)/
quadrupole (Q) type)

All states preserve the
equilibrium shape...

Symmetry?
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Symplectic Sp(3,R) Symmetry!
Formal definition

All linear canonical transformations of the single-particle phase-
space observables

that preserve the canonical commutation relation

[xia,pjﬁ] zhéyéaﬂ

Generators:  Q;; = anixnj,
n

Sij = Z(xnipnj + pnixnj),

SU(3)
in a HO m .

(Elliott, 1958) 5= ) (6ni Paj = X P

Kij = Z Pni Dnj»

nRowe, Rosensteel, Draavyer, Hecht, Suzuki, Escher, Bahri,
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Novel Approximate Symmetry
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Collectivity features
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Collectivity features
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Carbon isotopes

JISP16, hw = 18 MeV
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Structure of Ca-48 and Ti-48
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HH and SA-NCSM benchmark: 4He

Ground-state energy 45 RMS radii
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Baker et al., in preparation (2018) :
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Non energy weighted sum rule
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Sum rules for “He: HH and SA-NCSM benchmark

Ground-state energy 45 RMS radii
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Sum rules for “He: HH and SA-NCSM benchmark
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4He Quadrupole LIT, 6=10MeV (N3LO)
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Efficacy of SA-NCSM
SA-NCSM, SU(3) Non-local densi’ries
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Total strength of inelastic longitudinal response function

CSR(q) = [ dw R, " (w, q) Zlflp )[0)[26(w — Ex + Eo)

CSR(q) — Z 4+ <0|Zezq(ll'|z—ra)|0> _ |Fe’l( )l Z2
it
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q [MeV/c] q [MeV/c]

Bacca, Miorelli, Hagen, J. Phys.: Conf. Series 966 (2018) 012019 rom Sonia bacca
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Total strength of inelastic longitudinal response function
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Bacca, Miorelli, Hagen, J. Phys.: Conf. Series 966 (2018) 012019 from Sonia Bacca
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TABLE IL

section, and 10° sec™! for muon capture.

Outlook

Predicted weak interaction rates for the '2C — T =1 17 transitions. The units
are 107*? cm? for the (v,, ¢”) DAR cross section, 107 cm? for the (v,, u~) DIF cross

CD-Bonn AVE + TM'(99)

Interaction 2h() 4h() 6k )
(v,,e7) 2.27 3.2 3.69
(v n7) 0.168 0.275 0.312
J-capture 1.46 2.07 2.38

Experiment
89*0.3x0.9[19]
0.56 = 0.08 = 0.1 [20]
6.0 = 0.4 [21]

T T

--- 6hQ CDBonn
— — 4hQ CDBonn
2hQ CDBonn

— 4hQ AVE+TM'(99) -
= Fit to data E

<’:‘:j‘°-;|.' TT T T

R 5 8} m—

300
Q (MeV/e)

Hayes et al., PRL 91, 012502(2003)
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Improve earlier NCSM studies, use
bare chiral potentials

“OAr SA-NCSM calculations

Calculate response functions from
SA-NCSM with LIT
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Conclusions

intermediate-mass nuclei (sd-shell)

Collectivity features

p.im?

Sum rules for “He: HH and SA-NCSM benchmark
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clustering features in nuclei SA-NCSM+LIT (with S. Bacca):
sum rules and responses

Preference of Nature
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Simple physics: “shape” + vibrations + rotations ‘
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